Background: Although dietary guidelines recommend increased intake of grain products to prevent chronic diseases, epidemiologic data regarding whole-grain intake association with metabolic syndrome are sparse. Objective: To evaluate the relationship between whole-grain intakes, metabolic syndrome and metabolic risk factors in Tehranian adults. Design: Population-based cross-sectional study. Setting: Tehran, the capital of Iran. Subjects: A representative sample of 827 subjects (357 men and 470 women) aged 18-74 y. Methods: Usual dietary intake was assessed using a food frequency questionnaire. The procedure developed by Jacobs et al was used to classify grain products into whole and refined grains. Weight and height were measured according to standard protocols and body mass index was calculated. Fasting blood samples were taken for biochemical measurements and blood pressure was assessed according to standard methods. Hypertriglyceridemia, hypercholestrolemia, high LDL, low HDL and metabolic syndrome were defined according to ATP III guidelines and hypertension based on JNC VI. Diabetes was defined as fasting plasma glucose level of Z126 mg/dl or 2-h postchallenge blood glucose level of Z200 mg/dl. Subjects were categorized based on quartile cut-points of whole-and refined-grain intake. Results: Mean (7s.d.) consumptions of whole and refined grains were 93729 and 201757 g/day, respectively. Both men and women reported higher intakes of refined grain than of whole grains. Compared with subjects in the lower quartile category, those in the upper category of whole-grain intake had lower prevalence of metabolic risk factors. Conversely, those in the higher category of refined-grain intake had higher prevalence of metabolic risk factors, except for diabetes. After controlling for confounders, a significantly decreasing trend was observed for the risk of having hypertriglyceridemia (odds ratios among quartiles: 1.00, 0.89, 0.74, 0.61, respectively), hypertension (1.00, 0.99, 0.93, 0.84) and metabolic syndrome (1.00, 0.84, 0.76, 0.68). Higher consumption of refined grains was associated with higher odds of having hypercholestrolemia
Introduction
Cardiovascular diseases are one of the major causes of mortality in Iran (Sarraf-Zadegan et al, 1999) and the prevalence of these disturbances continues to rise (Azizi et al, 2002a) . Individuals with metabolic syndrome are at increased risk for cardiovascular disease. The metabolic syndrome is defined as a pattern of metabolic disturbances including central obesity, insulin resistance and hyperglycemia, dyslipidemia and hypertension (Reaven, 1988) . A recent study in Tehran showed that the metabolic syndrome is highly prevalent in Tehranian adults, with an estimated prevalence of over 30% in adults (Azizi et al, 2003a) , which is higher than those in most developed countries such as USA (Ford et al, 2002) . The etiology of this syndrome is largely unknown and variations worldwide have prompted researchers to formulate hypotheses for the natural development of the syndrome. It is conceived that genetic, metabolic and environmental factors, including diet, play a major role in the development of this syndrome (Hollenberg, 2002) . Although a whole array of dietary factors, such as high intakes of saturated fatty acids (Vessby, 2000) and low intakes of o3 fatty acids (Connor, 2000) are reported to contribute to the development of components of metabolic syndrome, the role of diet in the etiology of this syndrome is poorly understood and limited to only a few observational studies (Mennen et al, 2000; Pereira et al, 2002a) .
Until now, several studies have searched for the role of nutrients in chronic diseases (Rimm et al, 1998; Wolk et al, 1999) , but comparatively little emphasis has been laid on the specific contribution of foods, especially whole-grain foods. Whole grains contain higher amounts of fiber, vitamin E, magnesium, antioxidants and phytoestrogens (Slavin et al, 1997) , the protective effects of which against chronic disease risk have been shown by previous studies (Stampfer et al, 1993; Ma et al, 1995; Anderson and Hanna, 1999; de Kleijn et al, 2002) . Despite dietary recommendations to increased intake of whole grains, little research has been conducted on the physiologic effects of a diet high in whole grains, such that only one study, conducted in the Framingham Offspring Cohort, reported the association of whole-grain intake with the metabolic syndrome (McKeown et al, 2004) .
The Tehran Lipid and Glucose Study (TLGS) conducted in Iran by Azizi et al (2000) has provided an opportunity to assess the diet-disease relationship from an epidemiologic perspective. This study was undertaken to assess the relation of whole-grain consumption to metabolic syndrome and cardiovascular risk factors in an urban adult population of Tehran.
Subjects and Methods

Subjects
The present study was conducted within the framework of the TLGS, a prospective study performed on a representative sample of residents of district 13 of Tehran with the aim of determining the prevalence of noncommunicable disease risk factors and developing a healthy lifestyle to curtail these risk factors (Azizi et al, 2000) . In the TLGS, 15 005 people aged 3 y and over were selected by multistage cluster random sampling method. From a representative sample of 1476 people aged 3 y and over, randomly selected for dietary assessment, 861 subjects aged 18-74 y were enrolled for this study. In the present population-based cross-sectional study, subjects with a prior history of cardiovascular disease, diabetes and stroke were excluded because of possible changes in diet. We also excluded subjects whose reported daily energy intakes were not between 800 kcal/day (3347 kJ/ day) and 4200 kcal/day (17 573 kJ/day) (Fung et al, 2002) . This left 827 subjects (357 men and 470 women) aged 18-74 y for the present analysis. The proposal of this study was approved by the research council of the Endocrine Research Center of Shaheed Beheshti University of Medical Sciences and informed written consent was obtained from each subject.
Assessment of dietary intake
Usual dietary intake was assessed using a food frequency questionnaire (FFQ). All the questionnaires were completed by trained dietitians, with at least 5 y of experience in the Nationwide Food Consumption Survey project (National Food Consumption Survey, 1995; Kimiagar et al, 1998) . The FFQ consisted of a list of foods with a standard serving size. Participants were asked to report their frequency of consumption of each food item during the previous year on a daily (e.g. bread), weekly (e.g. rice, meat) or monthly (e.g. fish) basis. Portion sizes of consumed foods were converted to grams using household measures (Ghaffarpour et al, 1999) . Each food and beverage was then coded according to the prescribed protocol and analyzed for content of energy and the other nutrients using the Nutritionist III software program designed for Iranian foods.
We used a procedure developed by Jacobs et al (1998) to classify foods as whole or refined grains. Specifically, wholegrain foods included dark breads (Sangak, Barbari, Taftoon), barley bread, popcorn, cornflakes (a whole-grain breakfast cereal), wheat germ and bulgur. Refined grains included white breads (Lavash, Baguette), iceberg bread, noodle, pasta, rice, toasted bread, milled barley, sweet bread, white flour, starch and biscuits.
The reliability of the FFQ in this cohort was evaluated in a randomly chosen subgroup of 132 subjects by comparing nutrient consumption determined using responses to the FFQ on two occasions. Comparative validity was determined by comparison with intake estimated from the average of 12 24-h dietary recalls (one for each month of the year). Preliminary analysis of the validation study (unpublished data) showed that nutrients commonly found in whole grains were moderately correlated (all correlation coefficients above 0.5) between these two methods after controlling for total energy intake. The performance of the FFQ in assessing the individual grain products was also high. For example, between the FFQ and detailed dietary recalls, correlation coefficients were 0.63 for white breads and 0.71 for dark breads. Overall, these data indicate that the FFQ provides reasonably valid measures of the average long-term dietary intake.
Assessment of other variables
Weight, height, waist and hip circumferences were measured according to standard protocols, as reported earlier (Mirmir-an et al, 2004) and body mass index and waist-to-hip ratio were calculated. Fasting blood samples for the measurement of glucose and lipid concentrations were drawn after an overnight fast of 12 h (Azizi et al, 2003b) . A 75-g oral-glucosetolerance test was administered according to World Health Organization standards (WHO, 1980) and 2-h postchallenge glucose concentration was measured. Blood glucose was measured on the day of blood collection by the enzymatic colorimetric method using glucose oxidase. Serum total cholesterol and triglyceride concentrations were measured by commercially available enzymatic reagents (Pars Azmoon, Iran) adapted to Selecta autoanalyzer. HDL-cholesterol (HDL-C) was measured after precipitation of the apolipoprotein B containing lipoproteins with phosphotungistic acid. LDLcholesterol (LDL-C) was calculated according to the Friedwald method (Friedewald et al, 1972) . It was not calculated when serum triglyceride concentration was greater than 400 mg/dl. All samples were analyzed when internal quality control met the acceptable criteria. Inter-and intra-assay coefficients of variation were 2 and 0.5% for TC and 1.6 and 0.6% for TG, respectively. Blood pressure was measured twice after the participants sat for 15 min (Azizi et al, 2002b) . Additional covariate information regarding age, smoking habits (Azizi et al, 2003c) , physical activity (Mirmiran et al, 2003) , medical history and current use of medications (Azizi et al, 2003c) was obtained using validated questionnaires, as reported earlier. (1) abdominal adiposity (waist circumference4102 cm in men and 488 cm in women); (2) low-serum HDL-C (o40 mg/dl for men and o50 mg/dl for women); (3) high-serum triglyceride levels (Z150 mg/dl); (4) elevated blood pressure (Z130/85 mmHg); (5) abnormal glucose homeostasis (fasting plasma glucose level Z110 mg/dl).
Definition of terms
Statistical methods
Statistical Package for Social Science (SPSS Inc., Chicago, IL, USA, Version 9.05) was used for all statistical analyses. In separate models, first-order interactions between sex and whole-and refined-grain intakes were entered to determine whether associations were similar between men and women. There were no significant interactions by sex on the association of whole-and refined-grain intakes and metabolic risk factors. Cut-points for quartiles of whole-and refined-grain intake were calculated and subjects were categorized based on quartile cut-points: first, o10 g/day, second, 10-o71 g/day, third, 71-o143 g/day, fourth, Z143 g/ day for whole grains and First, o125 g/day; second, 125-o203 g/day, third, 203-o281 g/day, fourth, Z281 g/day for refined grains. Significant differences in general characteristics across quartile categories of whole-and refined-grain intake were searched using one-way analysis of variance. If there was a significant main effect, Bonferroni was used to detect pairwise differences. w 2 test was used to detect any significant differences in the distribution of subjects across quartile categories of whole-and refined-grain intakes with regard to qualitative variables. We determined multivariateadjusted means (age, sex, physical activity, smoking, BMI, WHR, total energy intake, consumption of fruits, vegetables and meats and fish, percent of energy from fat, current use of antihypertensive medication and estrogen replacement therapy) for cardiovascular risk factors and age-, sex-and energy-adjusted means for dietary variables across quartiles of whole-and refined-grain intakes by using GLM. Analysis of covariance with the correction of Bonferroni was used to compare these means. All correlation coefficients reported were calculated as Pearson correlation coefficients. To determine the association of whole-and refined-grain intakes with metabolic risks, we used multivariable logistic regression models controlled for age (y), energy intake (kcal/ day), percent of energy from fat, use of blood pressure medication (yes or no), cigarette smoking (categorical), physical activity level (light, moderate, severe) and current estrogen replacement therapy among women (yes or no). For dependent variables in which a significant association with whole-or refined-grain intakes was observed, we further examined whether dietary patterns associated with diets high in whole-or refined-grain intakes would explain these associations by adjusting for the intakes of fruits, vegetables and meats and fish. In all multivariate models, the first quartile of whole-and refined-grain intake was considered as a reference. The Mantel-Haenszel extension test was performed to assess the overall trend of an increasing quartile of whole-and refined-grain intakes associated with an increasing or decreasing likelihood of being classified as high risk.
201757 g/day (men: 206748 and women 197768 g/day), respectively. The food items that contributed most to whole-grain intakes were the Barbari, Taftoon and Sangak breads, respectively, and those that contributed most to refined-grain intake were rice, white breads and biscuits, respectively. Both men and women reported higher intakes of refined grain than that of whole grain. The mean and standard deviation of age and anthropometric measures, as well as the distribution of subjects with regard to obesity, smoking and physical activity status across quartile categories of whole and refined grains are shown in Table 1 . Compared with participants in the lower category, those in the upper category of whole-grain intake were older and had lower values of anthropometric measures. Conversely, those in the lower category of refined-grain intake had higher age, lower BMI and lower WHR as compared to those in the upper category. There was no significant difference regarding waist girth across quartiles of refined-grain intake. Most subjects had light activity in all quartiles of whole and refined grains. Subjects in the top quartile of both whole-and refined-grain intake were more likely to be daily-smokers compared to the other categories. The proportion of obese individuals was lower among subjects in the upper category of whole-grain intake and higher among those in the upper category of refined-grain intake as compared to the corresponding lowest quartiles.
Multivariate-adjusted means for metabolic risk factors as well as the distribution of subjects suffering from these risk factors across quartile categories of whole and refined grains are presented in Table 2 . A higher intake of whole grains was associated with lower levels of serum triglyceride and diastolic blood pressure. Conversely, a higher consumption of refined grains was associated with a higher level of serum triglyceride and diastolic blood pressure. No significant difference was seen regarding other metabolic risks across quartile categories of whole-and refined-grain intakes. Subjects in the upper category of whole-grain intake had lower prevalences of all metabolic risk factors as compared to those in the lower category. Reversely, these risk factors, except for diabetes, were more prevalent among those in the upper quartile of refined-grain intake than the subjects in the lower one. The prevalence of diabetes was not significantly different across quartiles of refined-grain intake.
Age-, sex-and energy-adjusted means for dietary variables across quartile categories of whole-and refined-grain intakes are presented in Table 3 . A higher intake of whole grains was associated with a healthier diet, with those in the upper category also consuming less cholesterol and meat, and more dietary fiber, fruit and vegetables. The intake of whole grains was positively associated with total intakes of dietary fiber (r ¼ 0.43), magnesium (r ¼ 0.51) and vitamin B6 (r ¼ 0.48), which are important constituents of whole grains.
Multivariate-adjusted odds ratios for cardiovascular risk factors across quartile categories of whole-grain intake are shown in Table 4 . After adjustment for potential confounding variables and dietary factors associated with diets high in whole grains, a significant decreasing trend was observed among whole-grain quartile categories of having hypertriglyceridemia and hypertension. However, no significant Whole-grain intake and metabolic risks Hypercholestrolemia was defined as TCZ240 mg/dl, hypertriglyceridemia as TGZ200 mg/dl, low HDL-C as o40 mg/dl and high LDL-C as Z160 mg/dl. Diabetes was defined as a fasting plasma glucose concentration of Z126 mg/dl or a 2-h postchallenge glucose concentration of Z200 mg/dl. Hypertension was defined as systolic blood pressure Z140 mmHg or diastolic blood pressure Z90 mmHg or current use of antihypertensive medication. Metabolic syndrome was defined as the presence of three or more of the following components: (1) abdominal adiposity (waist circumference 4102 cm in men and 488 cm in women); (2) low-serum HDL-C (o40 mg/dl for men and o50 mg/dl for women); (3) high-serum triglyceride levels (Z150 mg/dl); (4) Whole-grain intake and metabolic risks A Esmaillzadeh et al trend was observed among quartile categories; individuals in the upper category of whole-grain intake had lower odds of having diabetes compared to those in the lowest category. There were no significant associations between whole-grain consumption and obesity, hypercholestrolemia, high LDL and low HDL. Higher consumption of refined grains was associated with higher cardiovascular risk factors (Table 5) . Multivariate adjusted models showed that subjects in the upper category of refined-grain intake had higher chances of being hypercholestrolemic, hypertriglyceridemic, and hypertensive. Although no significant trend was seen across refined-grain intake, subjects in the upper category of refined-grain intake had higher chances of having high LDL compared to those in the lower category. Higher consumption of refined grains was not associated with obesity, diabetes and low HDL.
Multivariate-adjusted odds ratios for components of metabolic syndrome across quartile categories of wholegrain intake are shown in Table 6 . After adjustment for potential confounding variables and dietary factors associated with diets high in whole grains, a significant decreasing trend was observed among whole-grain quartile categories of having abdominal adiposity, high-serum triglyceride level, elevated blood pressure, abnormal glucose homeostasis and the metabolic syndrome. There were no significant associations between whole-grain consumption and having low-serum HDL concentration.
Higher consumption of refined grains was associated with higher metabolic risks (Table 7) . Multivariate adjusted models showed that subjects in the upper category of refined-grain intake had higher chances of having highserum triglyceride levels, elevated blood pressure and the The presented odds ratios are adjusted for age, total energy intake, energy from fat, use of blood pressure medication, use of estrogen, smoking, physical activity, meats and fish consumption, fruit and vegetables intake. b Obesity was defined as BMI Z30 kg/m 2 , hypercholestrolemia was defined as TC Z240 mg/dl, hypertriglyceridemia as TG Z200 mg/dl, low HDL-C as o40 mg/dl and high LDL-C as Z160 mg/dl. Diabetes was defined as a fasting plasma glucose concentration of Z126 mg/dl or a 2-h postchallenge glucose concentration of Z200 mg/dl. Hypertension was defined as systolic blood pressure Z140 mmHg or diastolic blood pressure Z90 mmHg or current use of antihypertensive medication. The presented odds ratios are adjusted for age, total energy intake, energy from fat, use of blood pressure medication, use of estrogen, smoking, physical activity, meats and fish consumption, fruit and vegetables intake. b Obesity was defined as BMI Z30 kg/m 2 , hypercholestrolemia was defined as TC Z240 mg/dl, hypertriglyceridemia as TG Z200 mg/dl, low HDL-C as o40 mg/dl and high LDL-C as Z160 mg/dl. Diabetes was defined as a fasting plasma glucose concentration of Z126 mg/dl or a 2-h postchallenge glucose concentration of Z200 mg/dl. Hypertension was defined as systolic blood pressure Z140 mmHg or diastolic blood pressureZ90 mmHg or current use of antihypertensive medication. 
Whole-grain intake and metabolic risks
A Esmaillzadeh et al metabolic syndrome. Higher consumption of refined grains was not associated with having abdominal adiposity, lowserum HDL concentration or abnormal glucose homeostasis.
Discussion
The present study, conducted on an urban population of Tehran, showed a favorable association of whole-grain intake with hypertriglyceridemia, hypertension and metabolic syndrome. In contrast, refined-grain intake was associated with higher odds of having metabolic risks. According to our knowledge, this is the second study reporting the association of whole-grain intakes with metabolic syndrome.
A favorable association of whole-grain consumption to metabolic risks may be attributed to the healthy lifestyle associated with higher intakes of whole grain. However, the apparently protective effect of whole-grain consumption persisted in multivariate models accounting for known coronary risk factors. Second, some intermediary events, including dyslipidemia or hypertension, could have led to changes in diet and may therefore confound the association between whole-grain intake and metabolic risks. However, any confounding effects from these indications would tend to attenuate the protective effect of whole grain because the tendency would be for subjects to increase their intake of whole-grain foods, if they perceived themselves to be at elevated risk for chronic diseases. The presented odds ratios are adjusted for age, total energy intake, energy from fat, use of blood pressure medication, use of estrogen, smoking, physical activity, consumption of meats and fish, fruit and vegetables. b Metabolic syndrome was defined as the presence of three or more of the following components: (1) abdominal adiposity (waist circumference 4102 cm in men and 488 cm in women); (2) low-serum HDL-C (o40 mg/dl for men and o50 mg/dl for women); (3) high-serum triglyceride levels (Z150 mg/dl); (4) elevated blood pressure (Z130/85 mmHg); (5) abnormal glucose homeostasis (fasting plasma glucose level Z110 mg/dl). The presented odds ratios are adjusted for age, total energy intake, energy from fat, use of blood pressure medication, use of estrogen, smoking, physical activity, consumption of meats and fish, fruit and vegetables. b Metabolic syndrome was defined as the presence of three or more of the following components: (1) abdominal adiposity (waist circumference 4102 cm in men and 488 cm in women); (2) low-serum HDL-C (o40 mg/dl for men and o50 mg/dl for women); (3) high-serum triglyceride levels (Z150 mg/dl); (4) elevated blood pressure (Z130/85 mmHg); (5) abnormal glucose homeostasis (fasting plasma glucose level Z110 mg/dl). Whole-grain intake and metabolic risks A Esmaillzadeh et al
Although the risk of both cardiovascular disease and type II diabetes is mediated in part by tissue sensitivity to the effects of insulin (Haffner and Miettinen, 1997) , relatively few epidemiologic studies have examined the association of whole-grain intake and insulin resistance syndrome or metabolic syndrome (McKeown et al, 2004 ). In the current study, prevalence and odds of having metabolic syndrome were lower in those with a higher intake of whole-grain foods. Our findings are in line with a recent study by McKeown et al (2004) , which showed a lower prevalence and lower odds of having metabolic syndrome in the highest quintile of whole-grain intake relative to those in the lowest quintile category. An interventional crossover study, also, supports the hypothesis that diets rich in whole-grain foods are associated with lower insulin concentrations (Pereira et al, 2002b) . In contrast, other interventional studies, particularly those conducted on older adults, showed no evidence for the effect of whole-grain consumption on insulin sensitivity (Davy et al, 2002; Juntunen et al, 2003) . The interpretation of these intervention studies is complicated by the varied patient populations (eg obese nondiabetic subjects, type II diabetic subjects), the different age ranges studied and short duration of interventions.
Although the lack of a formal definition for the metabolic syndrome previously hampered investigations of the role of diet in the etiology of this condition, observational studies have examined the role of whole and refined grains and individual metabolic risk factors associated with this syndrome. Wirfalt et al (2001) found that a refined bread food pattern was associated with hyperinsulinemia in women, whereas a high-fiber bread food pattern was associated with lower central obesity and dyslipidemia in men. In the Framingham Offspring Cohort, McKeown et al (2002) found that whole-grain intake was favorably associated with several metabolic risk factors of this syndrome, including central obesity, insulin sensitivity and dyslipidemia.
In the present study, higher consumption of refined grains was associated with higher odds for metabolic disorders. A previous study, also, has shown a positive association of refined-grain intake with the risk of type II diabetes (Liu et al, 2000) . Others found no evidence for the association of refined-grain intake with metabolic risk factors (McKeown et al, 2002) . This may be explained by the difference in glycemic indices of different refined-grain foods. A high dietary glycemic index has been proposed to be associated with higher prevalence of metabolic syndrome (McKeown et al, 2004) . High glycemic index foods produce higher postprandial blood glucose concentrations than those with a low glycemic index, which in the long term will generate a higher insulin demand (Jenkins et al, 1981; Foster-Powell et al, 2002) .
The biological mechanisms whereby whole-grain foods may exert their protective effects are not clear, but are likely to be many. Greater intakes of many constituents of whole grains, including dietary fiber, vitamin E, folate and magnesium, have been independently associated with reduced metabolic risks related to metabolic syndrome. Even after adjustment of these components of whole-grain foods by Liu et al (1999) , a significant inverse relation of wholegrain intake to metabolic risks was still evident, suggesting the additional protective effect of other constituents or their interactions. McKeown et al (2004) reported that only fiber from cereals was inversely related with the prevalence of metabolic syndrome and fiber from fruit and vegetables was not. Observational data, also, indicated a greater protective role of fiber from cereals than from other sources in the development of diabetes (Stevens et al, 2002; Montonen et al, 2003) . Adjustment by cereal fiber in the study of McKeown et al (2004) weakened the associations between whole-grain intake and metabolic syndrome, suggesting that the relation of whole grain may be due in part to fiber or factors related to fiber. Reduced insulin demand may be another protective mechanism associated with higher intakes of whole grain. In general, because of their physical form and content of viscous fiber, whole-grain products tend to be slowly digested and absorbed, and thus have relatively low glycemic indexes. In some metabolic studies of both diabetic and nondiabetic subjects, high intake of low glycemic index foods has been associated with lower concentration of LDL, glycated hemoglobin and urinary C-peptide excretion (Jenkins et al, 1987; Wolever and Bolognesi, 1996) .
The Food Guide Pyramid of the US Department of Agriculture recommends consumption of 6-11 servings of grain products per day, but the amount of whole grains is not specified. The National Food Consumption Survey (1995) showed lower intakes of whole grains by Iranians (o2 servings per day). This is higher than the one-half serving per day consumed by Americans (Albertson and Tobelmann, 1995) and lower than those consumed by the participants of the present study. In the present study, subjects in the top quartile of whole-grain consumption consumed 229 g/day (approximately 5.5 servings/day). Considering the favorable association of whole-grain consumption with the metabolic syndrome and metabolic risk factors in the current study, it seems that recommendations on increased consumption of these products are likely to have significant benefits in reducing the risk of metabolic disorders.
There are several limitations that should be considered when examining the results of this study. In this study, we used cross-sectional data to identify the association of wholeand refined-grain intake with the metabolic syndrome. Future studies using longitudinal data will provide stronger evidence on this relationship. Owing to the fixed food categories associated with the FFQ, it is difficult to accurately separate whole-and refined-grain foods from some foods. For example, dark breads such as Taftoon may include breads made with refined grain. Yet, despite this potential measurement error in exposure, which would tend to attenuate the associations, we found significant associations between whole-grain intake and the metabolic syndrome. On the other hand, as previous studies showed, FFQ would tend to underestimate refined-grain intakes . This could tend to diminish the associations observed between exposure and outcome (Willett, 1998) . Despite this, we found significant associations between refined-grain intake and metabolic risks. Diets rich in whole-grain foods appear to reflect an overall healthier lifestyle that may not have been accurately captured and controlled in our analysis, resulting in residual confounding. Subjects with known CAD, diabetes and stroke were excluded from the study. These exclusions may have reduced the likelihood of finding significant trends in the odds of having metabolic risks across quartile categories of whole-and refined-grain consumption. In this study, we used BMI Z30 kg/m 2 to define obesity and ATP III guidelines for the definition of the metabolic syndrome. The suitability of these definitions remains to be known. Chronic diseases such as metabolic syndrome are heterogeneous and, besides dietary pattern, other factors such as hereditary factors may need to be considered. Additionally, most of the risk factors are interrelated and this could confound the association of wholeand refined-grain intake with metabolic risk factors. This study has several strengths. Using a populationrepresentative sample of Tehran, we found a cross-sectional relationship between whole-and refined-grain intake with the metabolic syndrome and metabolic risks factors. In addition, using logistic regression models in this study allowed for simultaneous adjustment of confounding variables in the association of whole-and refined-grain consumption to metabolic syndrome.
Given the earlier limitations, it is concluded that wholegrain intake is inversely, and refined-grain intake is directly, associated with metabolic risks. Therefore, efforts should be made to decrease the cost and increase the availability and consumption of whole-grain products. This sustained over time has the potential to reduce substantially the incidence of metabolic syndrome and possibly other chronic diseases.
